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Abstract 
 
Environmental indicators help researchers to understand impacts and pollutions issues. There is a need 
for an indicator (index) that provides the right information to the decision-maker regarding possible 
improvements to food production systems and that is useful for making comparisons among companies, 
evaluating their ability to reduce environmental impacts. Among the research methodologies for 
establishing thresholds and assigning scores, the life-cycle assessment (LCA) approach was selected. 
In order to test this approach, the LCA methodology was applied to a chocolate production case study 
in an Italian small- or medium-sized enterprise (SME) located in the Piedmont region. The aims of this 
analysis are: to use the LCA results as a starting point to identify the critical environmental and energy 
aspects of the ‘gate-to-gate’ life-cycle system; to evaluate the results, considered like scores to compare 
other local chocolate production; to assess the main limitations of the SME in terms of both the 
acquisition data and the application of the LCA methodology; and finally to understand how to include 
the threshold values in the environmental index using the LCA results. Adopting both mid-point and end-
point analysis, the LCA case study shows that the most significant environmental aspects are energy 
consumption, depletion of non-renewable resources, and climate change. Furthermore the transport of 
raw materials, the mixing, the conching, and the milling are the life-cycle phases that have the largest 
environmental impacts. 
Some of the primary unavailable data for the life-cycle inventory phase and the need to adopt the 
same initial hypotheses to carry out comparative studies are the main limitations of the LCA application. 
The preliminary LCA results, such as energy or CO2 eq. indicators, could be good factors to be integrated 
in the environmental Index. 
 
Key words Environmental indicator; sustainability; Life Cycle Assessment; environmental 
assessment methodologies 
 
   
 
1. Introduction 
The use of indicators satisfies the necessity to understand and measure impacts and matters 
concerning pollution. Major environmental issues have grown in importance recently, and the need to 
establish concrete targets in order to move towards sustainable development has become more pressing. 
The scientific community has had to respond to a series of requests on this point (Beldřich et al., 2012; 
Ness et al., 2007), and the most frequently used tools for this purpose have included indicators that 
provide practical key measures (Herva et al., 2011; Huysman et al., 2015 and Ness et al., 2007). 
Currently, the food sector is the most investigated sector with regard to the environmental 
sustainability of processes and products. From carbon footprints and other carbon labels, to the study of 
agronomic and production systems and Environmental Product Declarations (EPDs) (GEDnet, 2014), 
research and studies have focused on the impact of food production. 
At a corporate level, indicators are used to either communicate environmental performance or to 
construct integrated or environmental labels, both public and private. In the latter case, indicators play a 
crucial role because labelling systems have to establish thresholds in order to allow firms to obtain labels 
for their products (Olsthoorn et al., 2001). 
This paper presents tools that are able to build an environmental index of production designed to be 
part of a label for the food sector (Engels et al., 2010; Halberg et al., 2005 and Van der Werf et al., 2002) 
in accordance with current guidelines and market demands. The instruments identified have been 
analysed to choose the right tool to evaluate food production in terms of its environmental impacts and to 
measure its degree of sustainability (1). 
The environmental analysis consists of agricultural, production, and packaging phases; the three parts 
are then synthesised with different weights in the index. The biggest challenge faced by this study was to 
attribute a relative importance to individual steps within the production chain because the subject has 
been neither extensively investigated nor definitely detailed (Allione et al., 2011; Bosco et al., 2011). 
The focus will be on analysing the steps of production from an environmental point of view. In 
particular, the following steps of the project have been essential in defining the proposed themes: 
1) the decision to create a taxonomy (bronze, silver, and gold); 
2) research methodologies to establish thresholds and assign scores (Life Cycle Assessment (LCA) 
has especially been chosen and studied in this framework); 
3) application of the LCA methodology to a case study of a chocolate-producing small- and medium-
sized enterprise (SME), and testing of the same. 
 
 
   
2. Experimental Section 
For the first point, a taxonomy must be defined to evaluate the importance of the various criteria 
within a framework to assess the sustainability performance of industry (Harik et al., 2015 and 
Labuschange et al., 2005). In other cases, instead, it is used to classify data and build qualitative indices 
(López-Ridaura et al., 2002). To evaluate production from an environmental standpoint, the study group 
decided to build a taxonomy with ‘gold’, ‘silver’, and ‘bronze’ levels to: 
 grade the achievement of the index in subsequent steps, if necessary; 
 differentiate individual environmental efforts based on the different skills and competences of 
companies. 
The second step concerning the choice of methodologies turned out to be the most complex. The 
index framework has to make use of accurate and clear models that are also simple for consumers to 
understand. Especially in the food industry, where many labels are born, certain methods such as LCA 
have spread more than others to evaluate the environmental impact of products (Mogensen et al., 2009; 
Wognum et al., 2011). It is a known fact that the LCA method has proven to be the only complete tool 
that highlights the most polluting aspects of a life cycle and their order of importance. LCA is an 
objective evaluation procedure that is used to study the energy and environmental impacts related to a 
product, process, or activity. Traditional methods prefer to analyse single elements of production 
processes, while LCA considers the overall system (‘from cradle to grave’), in which all transformation 
phases are taken into account because they participate in the implementation of the production process. 
Standard LCA phases (according to ISO 14040-44:2006 standards) include: 1) goal definition and scope; 
2) Life Cycle Inventory analysis (LCI); 3) Life Cycle Impact assessment (LCIA); 4) life-cycle 
interpretation and improvement. 
The principal scope of this study was to test the possible use of a method to establish when certain 
levels are achieved, after which the company acquires the index. The method that was used for the gold 
level was defined using LCA, however two other methodologies had to be chosen along with it, one for 
the silver level and one for the bronze level, which are mentioned to complete the rationale. The options 
were few, and were constrained by the need for them to be sufficiently well known and not too difficult 
to apply. 
Best Available Techniques (BAT) were identified among other methodologies that can be adopted to 
evaluate the production cycle in terms of environment. They have been introduced through the Directive 
on integrated pollution prevention and control, now, Directive IED 2010/75/EU of the European 
Parliament and of the Council of 24 November 2010 on Industrial Emissions (integrated pollution 
prevention and control). This regulation introduces a procedure for authorising activities characterised by 
a high pollution potential, and sets minimum requirements for all permits in terms of pollutants released 
   
to ensure a high degree of environmental protection. BAT designates the most effective and advanced 
stage in the development of activities and their operating methods that allows efficient environmental 
improvement, compared with better methods from an economic and technological point of view. BAT 
explain how to discern the most important impact of each production process according to the law. The 
analysis of a production cycle has been considered to draw up the ‘silver’ standard checklist. 
The last tool used to create an evaluation framework is preliminary environmental analysis based on 
the environmental management system. Preliminary environmental analysis is an essential step in the 
environmental management of an activity, and allows the extensive analysis of environmental aspects 
that interfere with the production process and the evaluation of their impact. It constitutes the first phase 
in the creation of an environmental management system that could be ISO 14001 certified or guaranteed 
by registration with the EMAS (Brida, 2002; Beltramo and Quaglino, 2002; Luciani et al., 2001). It has 
been employed to qualify companies for the index because it allows a complete analysis that takes into 
account all processes involved in order to make either improvements or changes, depending on the goals 
of the company. Said improvements can lead to higher grades of evaluation. 
It is easier to obtain the last two standards (silver and bronze) than the first one, following the 
intentional taxonomy of the index. After the reference methodologies were established, it was necessary 
to understand how to use them to establish thresholds. In fact, ‘One indicator does not say anything about 
sustainability, unless a reference value such as thresholds is given to it’ (Lancker et al., 2000). For the 
gold standard, which uses the LCA method, the analysis focuses on key environmental aspects. The first 
step entails studying an adequate number of production cycles in the same field that key environmental 
aspects and average threshold levels are based on. A company that obtained the index (gold standard) 
would have to implement LCA analysis and make a comparison with the established threshold. The 
second degree of difficulty, according to BAT, comes from calculating BAT compliance, which is 
quantified by the questions elaborated and the scores assigned to each of them. By implementing the 
preliminary environmental analysis, the firm identifies the points to be improved, and may propose 
actions it can undertake for index evaluation. 
During the project, the theoretical part designed by each research group was followed by practical 
experimentation in three case studies of the most representative regional products to which the index 
should be anchored. The chocolate production cycle was the first of these to be investigated. 
The LCA study applied to the case of chocolate production mentioned below was significant to 
underscore the results and highlight problems. 
 
 
 
   
2.1 Gold level with LCA in a chocolate firm 
The only studies available regarding chocolate analysis were related to areas that were so unlike the 
Italian context as to be unsuitable (Busser and Jungbluth, 2009; Ntiamoah and Afrane, 2008), and 
therefore it was difficult to use them as comparative parameters. LCA was applied to a chocolate 
company located in the province of Cuneo in Piedmont in order to highlight the strong and weak points 
of the production cycle from an environmental perspective (Vesce and Pairotti, 2014). 
As mentioned, LCA is the best method for highlighting the environmental impact of production and to 
hypothesise improvement strategies (Andersson, 2000; Blengini and Busto, 2009; Borsacchi et al., 2004; 
Salomone and Ioppolo, 2012). This study applies the Impact 2002+ method for the LCA phase (Joillet et 
al., 2003). This method allows us to calculate middle- and end-point categories, and includes 14 impact 
categories measured in equivalent substances, and four damage categories: 
 Human Health, measured in DALY (disability adjusted life year); 
 Ecosystem Quality, measured in PDF∙m2∙yr (potentially disappeared fraction); 
 Climate Change, measured in kg of CO2 equivalent in air, which is derived from the global 
warming impact category; 
 Resources, measured in MJ, which come from non-renewable energy and mineral extraction. 
 
2.1.1. The definition of goal and scope, system boundaries, inventory 
The aim of this analysis is to calculate the environmental impact associated with the life cycle of the 
chocolate producer Venchi S.p.A., since it was decided to carry out LCA only on the transformation 
phase (only present in the region of investigation), although it is known that the agricultural phase, 
despite not being always controllable by European producers, has the greatest environmental impact. 
Indeed, to date, few manufacturers in Piedmont start from the cocoa bean, and many instead begin the 
cycle using a semi-finished product from Europe. This aspect, which is no longer followed by niche 
manufacturers, does not allow for accurate control of the raw material used in the production of 
semi-finished products, and can have a lesser influence on the cultivation techniques of cocoa farmers. 
The life-cycle system boundaries thus range from the arrival of raw materials (cocoa and cocoa mass) 
at the company, including the transport phase, to the packaging of chocolates made in a master batch. 
Cocoa cultivation and the steps implemented to obtain the raw material are excluded, and so is the 
production of other ingredients (for reasons of formula confidentiality), the packaging of raw materials, 
the distribution phase, and finally the use and end of life of the product. 
The functional unit chosen is 1 kg of chocolate divided into 3 g chocolates, individually wrapped and 
packaged in polypropylene, aluminium, and duplex film (an outer film of polypropylene bi-oriented 
lacquered acrylic and an inner one of PVDC and polypropylene). Data collected during the inventory 
   
carried out in the company, exploiting secondary data from databases, refer to the functional unit (Cerutti 
et al., 2011; Rebitzer et al., 2004). 
The LCA focuses on chocolate production, from the cocoa mass (obtained by mixing two cocoa 
masses) combined with two types of dark chocolate. The analysis begins from the moment the raw 
materials enter the plant and continues to the weighing and mixing phases of the ingredients. Primary 
data is thus defined because it is directly collected at the analysed production site, in this case 
Venchi S.p.A. 
For each material and each plant area (and also for finished product packaging), we considered the 
following items, namely the production of materials, processing, transport from supplier to company, and 
end-of-life scenario. 
 
Figure 1. Flowchart of fondant chocolate production and system boundaries of the LCA study (the 
broken line shows excluded phases) 
 
 
Table 1. Description of chocolate production phases at Venchi. 
 
The input allocation (Bevilacqua et al., 2007) is performed with mass criteria. 
The inclusions in the life-cycle system boundaries are: all inputs (such as water, energy, packaging 
materials) and outputs (emissions and waste) of the operations of manufacturing the product as well as 
the equipment needed for each manufacturing phase according to its service life. 
The calculation data of energy consumption was carried out using the kW power of each piece of 
equipment and the respective operating time (hours). The distribution of gross and net weight (kg) 
proportionate to the functional unit considered (1 kg) was used for the calculation data of the packaging 
materials. 
 
2.1.2 Impact assessments 
The main environmental aspects highlighted by LCA help to create the threshold reference values 
required to obtain the Index. The impact analysis (Pennington et al., 2004; Yan et al., 2011) allows us to 
classify the data gathered during the inventory into impact categories, and to perform characterisation, 
that is, calculate a single environmental impact indicator. 
 
Table 2. Characterisation analysis of the chocolate cycle of production [UF:1 kg]. 
 
   
The total damage is expressed in eco-points or points (Pt), which are obtained through a comparative 
analysis of the phases and categories that might cause more or less environmental damage. Figure 2, 
below, shows this weighting for chocolate production. 
 
Figure 2. Diagram of the evaluation analysis of a single score (Pt) for damage categories [UF:1 kg] 
 
 
The more significant issues arise from the mixing, potting, and grinding manufacturing phases. They 
mainly affect the depletion of resources and climate change categories, while the supply of raw materials 
phase causes greater damage to human health and the quality of the ecosystem. 
The analysis of a single process contribution to the total environmental impact for each manufacturing 
phase shows that the most significant processes are as follows: 
 electricity consumption of chocolate manufacturing phase; 
 transport of raw materials supply; 
 production of aluminium (80% recycled) used as one of the primary polylaminate packaging 
materials (in the enveloping phase); 
 PVDC used in secondary packaging; 
 the process of plastic moulding used in various components; 
 plastic for primary packaging; 
 cardboard of tertiary packaging. 
The following chart (Figure 3) highlights the main resources and emissions arising from the result of 
the LCIA. 
 
Figure 3. Division by percentage of damage points (Pt) for emitted substances and those extracted in all 
processes [FU:1 kg] 
 
As shown in Figure 3, the CO2 emissions into the air and the depletion of natural gas resources are the 
most significant issues, mainly due to the energy consumption of the manufacturing phases of chocolate. 
 
2.1.3 Impact assessment on the Piedmont region 
Considering the Piedmont region, it has been noted that many producers of chocolate start from cocoa 
mass. To quantify the environmental impact in Piedmont and to identify appropriate ways to help reduce 
it, only the part of the production cycle that actually affects Piedmont has been considered, that is, from 
mixing the ingredients to the finished product. 
   
The solutions identified and now implemented are achievable by addressing a scenario mainly 
consisting of small producers (although there are big producers). A survey conducted in April 2011 by 
the Turin Chamber of Commerce found that out of a total of 105 activities present in the region, more 
than 77% had fewer than 25 employees. 
Since the proposed improvement actions based on LCA are used to obtain a product index that must 
be disseminated, the necessary conditions to reach this result must be created. For example, asking the 
suppliers for a substantial change in the search for raw materials with special characteristics does not 
always seem feasible for an SME. However, within the project we are evaluating the hypothesis of 
producers effectively considering purchasing certified cocoa, as there are diverging opinions on this point 
(Edwards et al., 2012). 
Table 3, below, shows the results of the LCA sensitivity analysis, that is, analysis of characterisation, 
and the data obtained from the same analysis presented in Table 2, excluding the raw material transport 
phase. 
 
Table 3. Characterisation analysis of the chocolate cycle of production without raw materials transport 
[UF:1 kg] 
 
Figure 4. Diagram of the evaluation analysis of a single score (Pt) for damage categories without raw 
materials transport [UF:1 kg] 
 
The mixing, potting, and grinding phase also appears to have a considerable impact on the 
manufacturing life cycle, without considering the transport of raw materials to the company; indeed, it 
has a major impact on Resource Depletion, Climate Change, and Ecosystem Quality. 
The analysis of single process contributions to the total environmental impact for each manufacturing 
phase in the sensitivity analysis shows that the most significant processes are as follows (in decreasing 
order): 
 the electricity consumption of the manufacturing phase of the chocolate 
 the production of aluminium (80% recycled) used as material polylaminates in primary 
packaging; 
 PVDC used in secondary packaging; 
 the process of plastic moulding used in the various components; 
 the plastic used in primary packaging; 
 the cardboard of the tertiary packaging. 
 
   
Figure 5. Division by percentage of damage points (Pt) for emitted substances and those extracted in all 
processes without raw materials transport [FU:1 kg] 
 
Table 4. Comparison among damage evaluation data 
 
Excluding the phase of supply of the raw material, there is a reduction in damage, in this case 
measuring 0.000528 points, or 25% of the previous data (0.000689). 
Between inputs, the demand for electricity required to operate the machinery is certainly the main 
factor of environmental impact in a process that does not require high quantities of water or raw 
materials. 
As mentioned, the Italian energy mix does not help in terms of environmental impact. At present, the 
only way to make improvements in terms of climate change and resource consumption is to reduce 
consumption or to source from renewable energy. 
Venchi S.p.A. now covers 5% of its energy needs through the installation of solar panels on the roof 
of the plant, and the company could indeed already be listed in the Poliedro Index with regard to the 
environmental aspect of transformation. 
 
3. Results and Discussion 
The goals stated in the introduction practically lead to the definition of two factors that are deemed to 
be most complicated, namely the definition of certain environmental assessment methods applied to the 
production phase to create thresholds for the acquisition of the Index, and testing the use of at least one 
method to verify its effectiveness and to detect its problems in a practical case. 
The first point is based on a theoretical study of the use of various analysis tools. In fact, the LCA 
method in the food sector, as observed in some studies (Mogensen et al., 2009), can be used for at least 
four different purposes. The first is the primary purpose of defining the most significant environmental 
impacts in an entire production cycle, from cradle to grave, in order to guide improvement. The second 
point lies in highlighting the effects of the changes, avoiding the problem of shifting the impact from one 
production phase to another. The third point consists of comparing the impact of a company with that of 
others operating in the same sector, considering a series of parameters, such as carbon footprint, soil 
acidification, etc. It is obvious that this can only be implemented with the same initial hypotheses. The 
fourth goal for which the LCA is used consists of obtaining a product label, for example those used for 
Ecolabel criteria, or an environmental statement, such as an EPD (Wognum et al., 2011). Both these tools 
envisage the use of the LCA as a scientific method that provides certain values which are used by the two 
systems in a diversified manner. The Ecolabel criteria help suppliers to be selective and, hence, the 
   
results of the LCA become the discriminating value to access the list of companies from which the 
brands most suitable to be given the label will be chosen. An EPD is not a label, as it is merely a 
‘statement’ of environmental results. 
The scope that is closest to the use of the LCA in this study is the third one, which makes use of LCA 
as a comparative factor for certain parameters. 
As regards the second aspect, the most practical method is of the tool’s application to a production 
framework through which the method can be tested. The study attempted to test the possibility of making 
LCA a tool that can be used at all investigation levels, a tool that is much ‘closer’ to the production 
frameworks than it has been in recent years. 
The application of LCA to the case of chocolate has brought to light a series of problems that have 
always been associated with this method, namely the lack of data and the need to adopt the same initial 
hypotheses to carry out the comparative study. 
In Italy, there are no such studies in the chocolate sector. The only study on chocolate production, as 
mentioned, refers to Ghana (Ntiamoah and Afrane, 2008), and has been recently continued with the 
addition of some aspects, especially concerning consumption in Europe and the comparison between the 
various types of chocolate, in a presentation made during the 24th Annual Meeting of SETAC Europe 
(Jungbluth, and Konig, 2014). 
The problem especially arose when very ‘local’ situations had to be compared. This study only 
required a comparison of the production phase of chocolate to assign a positive score to companies that 
planned on acquiring the index through the LCA-based method. The issue of using the same functional 
unit, which was a premise for the analysis, can also be solved. However, establishing the limits of the 
analysis was especially a problem. 
If the necessity should arise, with the same conditions, to assess the lesser environmental impact of 
companies that, given their location, do not grow cocoa but only process it, a gate-to-gate analysis will 
have to be performed, despite being scientifically less effective. However, if the companies that have to 
be compared or, on the other hand, must form the reference sample, start from different processing 
points, the problem will arise once again. 
The project started by analysing the cocoa mass (semi-processed), as this is used by most companies 
that are based in Piedmont, though many companies, especially those which possess expert 
craftsmanship, have included the cocoa bean in their processing phase in recent years. Then, the issue of 
including transport in the impact calculation was considered. It is evident that the phase of the whole life 
cycle that has the most impact is the farming phase (Jungbluth and Konig, 2014). However, the 
assessments made are used to qualify companies that belong to the same territorial framework, far from 
the farming phases, unless the decision is made that, in order to acquire the index, companies must 
   
purchase their supplies from farms that somehow certify their environmental interest during the 
cultivation phase of the raw material. From a certain standpoint, all the companies ‘start’ from the same 
situation, and can provide evidence of their respect for the environment for all phases over which they 
have some control. As regards the transport of semi-finished products to the factory for subsequent 
processing, the decision was made to perform two analyses that first included it, and then excluded it, as 
indicated by the analysis mentioned in the previous paragraph. The first process, in terms of contribution 
towards environmental damage, results from the composition of the Italian energy mix. The use of 
technologies with lower energy consumption or resorting to renewable sources (the path that was actually 
followed by the analysed company) might lead to an improvement both in terms of expenses and 
consumption. If transportation is included in the analysis, the impact resulting from this process will 
follow soon after. This might suggest that internal product processing to arrive at the semi-processed 
product or getting supplies from companies that are situated at a closer distance should be assessed 
(currently the semi-finished product is supplied by a leading European multinational). 
Even packaging, as considered in the analysed case, is one of the items that generated an impact. The 
choice of less invasive and equally effective packaging might reduce the impact of the observed process. 
Moreover, this theme has been extensively discussed in the literature regarding the comparison of 
feasible alternative choices (Büsser and Jungbluth, 2009). 
 
4. Conclusions 
Considering the analysis conducted and the experience of applying the LCA method to corporate 
cases (Pairotti et al., 2013), we can say that the LCA can be used to underpin a comparative method for 
obtaining an index as long as there are clear premises for terms such as the limits of the system and the 
functional unit. The first and now consolidated deficiency that surfaced concerns primary data and the 
lack of national databases. If mean pollution data have to be found to define the limit thresholds, it will 
be necessary to consider a simplified implementation of LCA, especially for SMEs. Even the presence of 
sensors that monitor the progress of the most important environmental variables could be an advantage in 
terms of data collection and procedural simplification, and for performance control on the part of the 
company (Cantore et al., 2013). The above could contribute towards improving the environmental 
situation and also towards increasing the related economic efficiency. 
Large-scale dissemination of the rigorous LCA method through paradigms can be the method for 
defining an index which, studied in advance to facilitate application, could lead to efficiency rates 
ranging beyond the acquisition of said qualification index, in turn forming competitive advantages for the 
companies that implement them. 
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Notes: 
(1) The environmental index is part of Poliedro Index, financed by Regione Piemonte in the "Human and 
Social Sciences" project, and it is a product label that can easily be graphically represented, and 
which converges various aspects of sustainability, environmental, economic and social one, in a 
single index. 
 
   
 
Figure 1. Flowchart of fondant chocolate production and system boundaries of the LCA study (the 
broken line shows excluded phases) 
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Table 1. Description of chocolate production phases at Venchi. 
 
Main Phase Description 
Supplying of 
raw materials 
This phase was analysed by taking into account the distances 
from raw material manufacturing plant to the company plant 
(estimated as an average of 1,000 km) and the vehicles used to 
transport them to the company (kg/km). 
Mixing/potting/grinding 
This step consists of mixing the ingredients according to the 
product recipe, and then developing the typical aroma through 
long fluid chocolate homogenisation, during which the mass is 
churned at a controlled temperature in the appropriate mixers 
(conches). 
The process finally yields a soft velvety paste with no traces of 
moisture or acidity (Coultate, 2005). 
Transferring mixture 
using a tank trolley 
- 
Tempering/moulding/ 
cooling 
During this phase, the cocoa butter crystallises into a stable form 
(Coultate, 2005); then fluid chocolate is poured into moulds, 
which are subjected to vibration in order to eliminate air bubbles. 
Wash moulds - 
Wrapping This phase consists of the individual chocolates being wrapped. 
Packaging  
During this phase, the chocolates are placed in duplex film bags 
and then in cardboard boxes (which may contain four bags of 
chocolates, each weighing 1 kg). 
 
   
Table 2. Characterisation analysis of the chocolate cycle of production [UF:1 kg]. 
Category Indicator Most relevant phase 
Global warming 1.91 kg CO2 equivalent Mixing/potting/grinding 
Ozone depletion 2.34E−7 kg CFC-11 equivalents Mixing/potting/grinding 
Terrestrial ecotoxicity 4.72E+01 kg TEG* soil Supplying of raw materials 
Aquatic ecotoxicity 2.96E+02 TEG water Supplying of raw materials 
Non-renewable energy 3.57E+01 MJ primary Mixing/potting/grinding 
*Triethylene Glycol 
 
 
 
 
Figure 2. Diagram of the evaluation analysis of a single score (Pt) for damage categories [UF:1 kg] 
 
   
 
Figure 3. Division by percentage of damage points (Pt) for emitted substances and those extracted in all 
processes [FU:1 kg] 
 
   
Table 3. Characterisation analysis of the chocolate cycle of production without raw materials transport 
[UF:1 kg] 
Category Indicator Most relevant phase 
Global warming 1.55 kg CO2 equivalents Mixing/potting/grinding 
Ozone depletion 1.85E−7 kg CFC-11 equivalents Mixing/potting/grinding 
Terrestrial ecotoxicity 2.86E+01 kg TEG* soil Wash moulds 
Aquatic ecotoxicity 1.52E+02 TEG water Wash moulds 
Non-renewable energy 2.96E+01 MJ primary Mixing/potting/grinding 
* Triethylene Glycol 
 
 
Figure 4. Diagram of the evaluation analysis of a single score (Pt) for damage categories without raw 
materials transport [UF:1 kg] 
 
   
 
Figure 5. Division by percentage of damage points (Pt) for emitted substances and those extracted in all 
processes without raw materials transport [FU:1 kg] 
 
Table 4. Comparison among damage evaluation data 
Damage category Unit Chocolate production 
Chocolate production without 
raw material transport 
Total Pt 0.000689 0.000528 
Human Health Pt 0.000227 0.000155 
Ecosystem Quality Pt 3.37E−05 2.09E−05 
Climate Change Pt 0.000193 0.000157 
Resources Pt 0.000235 0.000196 
 
